Abstract Objective The receptor for advanced glycation end-products (RAGE) is one of several advanced glycation end-product (AGE)-
Introduction

Diabetic nephropathy (DN) is one of the major complications of both types 1 and 2 diabetes mellitus and the most common cause of end-stage renal failure in many countries. The pathologic changes of DN include progressive expansion of the mesangial matrix and thickening of the glomerular basement membrane (GBM) (1-3). Mesangial expansion is thought to be the most important lesion, and was reported to be the critical lesion that ultimately leads to renal insufficiency in DN (1-3).
Various pathogenic mechanisms have been postulated for DN, although the precise mechanism remains to be clarified. Long-term metabolic aberrations are considered to play a key role, because a number of changes in the kidney are prevented or improved after normalization of glucose metabolism in animal and human models (4, 5) . Possible me-T a b l e 1 . Cl i n i c a l P a r a me t e r s o f Di a b e t i c P a t i e n t s a n d No rma l S u b j e c t s (6) . Recently, we reported that AGE accumulate in the tissues of DN (7, 8) and that their accumulation correlates with the severity of diabetic complications (9, 10) . Several lines of evidence suggest that AGE may be involved in the development of diabetic glomerular lesions (7, 8, 11, 12) . AGE modification indeed alters the structure and function of matrix tissue proteins (6) and, more interestingly, AGE-modified proteins stimulate a variety of cellular responses via a specific cell-surface receptor (13, 14) on several cell types, including glomerular cells (15) (16) (17) (13, 14) . Recently, RAGE has been proposed to play an important role in the development of DN (18, 19 
diators of untoward effects of hyperglycemia include advanced glycation end-products (AGE) generated by the Maillard reaction through non-enzymatic glycation of protein amino groups
Methods
Patients
Renal biopsy specimens were obtained from 20 patients with DN (3, 20 i g u r e 1 . I mmu n o h i s t o c h e mi c a l d e t e c t i o n o f a n t i -AGE a n t i b o d y i n c o n t r o l s ( A) a n d d i a b e t i c n e p h r o p a t h y ( B , wi t h mi l d me s a n g i a l e x p a n s i o n a n d C, wi t h mo d e r a t e me s a n g i a l e x p a n s i o n ) . T h e AGE a n t i b o d i e s d i d n o t s t a i n t h e g l o me r u l i i n c o n t r o l s u b j e c t s ( A) . I n c o n t r a s t , i n t h e g l o me r u l i o f d i a b e t i c n e p h r o p a t h y , AGE s t a i n e d p o s i t i v e l y i n t h e e x p a n d e d me s a n g i a l a r e a ( B a n d C) . ( Or i g i n a l ma g n i f i c a t i o n × 1 0 0 ) F i g u r e 2 . I n s i t u h y b r i d i z a t i o n o f RAGE i n g l o me r u l i o f d i ab e t i c n e p h r o p a t h y . I n s i t u h y b r i d i z a t i o n f o l l o we d b y P AS s t a i n i n g r e v e a l e d t h a t RAGE mRNAs we r e l o c a l i z e d i n g l ome r u l a r r e s i d e n t c e l l s , ma i n l y g l o me r u l a r me s a n g i a l c e l l s ( A: a r r o w) , e p i t h e l i a l c e l l s ( B : a r r o wh e a d ) a n d e p i t h e l i a l c e l l s o f B o wma n ' s c a p s u l e ( B : d o u b l e a r r o w) . ( Or i g i n a l ma g n i f i c at i o n × 2 0 0 ) T a b l e 2 . Re s u l t s o f % Me s , I n t AGE a b a n d % RAGE mRNA i n DN a n d Co n t r o l s strong: 3, very strong: 4). To evaluate the specificity of the signals, two types of control experiments were carried out as described previously (22, 23 
in situ hybridization
o r ma l c o n t r o l s ( A) a n d d i a b e t i c n e p h r o p a t h y ( B , wi t h mi l d me s a n g i a l e x p a n s i o n a n d C, wi t h mo d e r a t e me s a n g i a l e x p a n s i o n ) . ( Or i g i n a l ma g n i f ic a t i o n × 1 0 0 ) F i g u r e 4 . Co r r e l a t i o n b e t we e n p e r c e n t a g e o f me s a n g i a l a r e a wi t h r e s p e c t t o t o t a l g l o me r u l a r a r e a ( %Me s ) a n d i n t e ns i t y o f s t a i n i n g f o r a n t i -AGE a n t i b o d y ( I n t AGE a b ) i n d i ab e t i c n e p h r o p a t h y . %Me s c o r r e l a t e d s i g n i f i c a n t l y wi t h I n t AGE a b .
F i g u r e 5 . Co r r e l a t i o n b e t we e n p e r c e n t a g e o f me s a n g i a l a r e a wi t h r e s p e c t t o t o t a l g l o me r u l a r a r e a ( %Me s ) a n d p e rc e n t a g e o f RAGE mRNA-p o s i t i v e c e l l s a mo n g t o t a l g l o me r ul a r c e l l s ( %RAGE ) i n d i a b e t i c n e p h r o p a t h y . %Me s c o r r el a t e d s i g n i f i c a n t l y wi t h %RAGE . Fig. 1 and Table 2 ). However, it was not detected in control samples (Fig. 1) 
blinded to the severity of DN. Results were expressed as the percentage of RAGE mRNA-positive cells among total glomerular cells.
Statistical analysis
The Mann-Whitney U test, regression analysis and Spearman rank correlation test were used for statistical comparison. A P value <0.05 denoted a statistically significant difference between groups.
Results
Immunohistochemical staining demonstrated the protein expression level of AGE in renal tissue of DN and control. The anti-AGE antibody was detected in the expanded mesangial matrix in DN tissues. The intensity of immunostaining appeared to increase with the degree of mesangial expansion in DN (
. The intensity of staining for anti-AGE antibody was stronger in DN than in control samples (Table 2). Immunohistochemical staining using normal mouse IgG in lieu of this antibody was barely detectable in renal tissues from patients with DN (not shown).
Our in situ hybridization method also demonstrated cells positive for RAGE mRNA in renal tissue of DN and control. As shown in Fig. 2 (Fig. 3, Table 2 ).
To verify the specificity of the signal obtained in in situ hybridization, two control studies were performed. Pre-F i g u r e 6 . Co r r e l a t i o n b e t we e n p e r c e n t a g e o f RAGE mRNA-p o s i t i v e c e l l s a mo n g t o t a l g l o me r u l a r c e l l s ( %RAGE ) a n d i n t e n s i t y o f s t a i n i n g f o r a n t i -AGE a n t i b o d y ( I n t AGE a b ) i n d i a b e t i c n e p h r o p a t h y . %RAGE c o r r e l a t e d s i g n i f i c a n t l y wi t h I n t AGE a b .
treatment of tissue with RNase prior to hybridization eliminated most of the signal obtained with the RAGE probes (data not shown). The signal of each mRNA disappeared when a large amount of unlabeled homologous oligonucleotide was added. In contrast, the addition of non-homologous oligonucleotide did not block the signal (data not shown).
We also examined the relationships among %Mes, the intensity of staining for anti-AGE antibody and the percentage of cells positive for RAGE mRNA. %Mes correlated significantly with both the intensity of anti-AGE antibody-positive staining, and the percentage of cells positive for RAGE mRNA (Figs. 4, 5) . The intensity of anti-AGE antibodypositive staining correlated significantly with the percentage of cells positive for RAGE mRNA (Fig. 6 ).
Discussion
AGE comprise a variety of molecular structures, such as CML (24) , pentosidine (25) , and pyrraline (26) (13, 14, (27) (28) (29) (30) 
